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Abstract

The adult central nervous system has only a very
limited ability to newly generate lost neurons and
glial cells. Therefore, its self-renewal efficiency after
degenerative damage or acute injuries is very limited.
Mesenchymal stem cells of various tissue origins,
including dental tissues, are among the most promising
tools in stem cell therapeutic approaches. In a previous
issue of Stem Cell Research & Therapy, Ellis and
colleagues demonstrated the neuronal differentiation
potential of murine dental pulp stem cells. Our
commentary discusses the significance of the study,
the parallel efforts of other laboratories, the present
limitations of neuronal transdifferentiation using cells
obtained by various available methods, and the
possible breakthrough by combining the various
cellular resources with pharmacological and tissue
engineering methods.
cestors of neuronal precursors. During mammalian
tooth development, the oral epithelium invaginates into
Neurodegenerative diseases such as Alzheimer’s disease
and Parkinson’s disease and traumatic disorders such as
stroke or spinal cord injury are deteriorating disorders
of the central nervous system. What is common in these
disorders is that it is very hard, or impossible, to treat
them by conventional medical therapies since the ner-
vous system has only a very limited ability to newly gen-
erate neurons and glial cells because of the limited
number of necessary precursor cells. Therefore, novel
technologies such as the application of stem cells hold
great promise for their cure in the near future. The
present article is a commentary on original research by
Ellis and colleagues [1], which appeared in a previous
issue of Stem Cell Research & Therapy and which is of
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great interest in this perspective. The authors demon-
strated the neuronal differentiation of dental pulp stem
cells (DPSCs) from murine incisors in vitro and provided
evidence that these cells are organized in neuronal-like
networks. This is indeed just a small step toward clinical
application. Yet, combined with the data of others in
similar directions, it creates great hopes and high expec-
tations that mesenchymal stem cells (MSCs) of tooth
origin may serve as cellular resources to renew damaged
neuronal structures.
At present, the most promising candidates among

adult stem cells for regenerative therapy are MSCs, a
class of multipotent cells originally identified in bone
marrow. Since the discovery of MSCs in bone marrow,
similar populations from other tissues have been charac-
terized. Recent studies, including our work, have also re-
vealed their presence in the human dental pulp and the
periodontal ligament [2-4]. A very special and attractive
feature of dental stem cells is that they are actually an-

the underlying neural crest-derived mesenchyme. The
ectomesenchymal cells are derived from the dorsal-most
aspect of the neural tube and contribute to local tissues,
including the dental pulp [5]. From this aspect, it has
been of great interest to identify a progenitor pool in
dental tissues and investigate its regenerative potential
for nervous system defects.
An increasing number of studies on human dental

pulp and periodontal ligament-derived neural progeni-
tors or neurons in vitro have described neuron-specific
marker expression and demonstrated their functional ac-
tivity [2,4,6]. These studies revealed that multi-step
pharmacological transdifferentiation protocols are more
efficient than simple differentiation procedures [2,4].
These studies unequivocally showed neuronal morpho-
logical differentiation and the appearance and increased
expression of neuronal markers at both mRNA and pro-
tein levels. Additionally, they provided evidence for the
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presence of at least some functional elements that are
necessary for neuronal behavior, such as specific cal-
cium, sodium, and potassium channels. However, the
functional activity of these channels showed great vari-
ability depending on the experimental settings, indicat-
ing that both the differentiation procedures and the
detection methods need to be further optimized in order
to receive highly reproducible transdifferentiation results
with a high yield of fully differentiated neuronal cells. In
vivo, the available information is even more sporadic.
The neuroregenerative capability of MSCs of human
dental pulp origin has been shown in a brain injury [7,8]
and in a spinal cord injury [9] model in animals.
Although human DPSCs have strong immunoregula-

tory properties [10], xenotransplantation is often prob-
lematic because of immune rejection. Therefore, it is of
great interest to develop rodent models for autologous
or allogenic neural stem cell transplantation. Two
groups, including us, reported that rat incisor DPSCs do
have neurogenic potential through the successful forma-
tion of cells with neuron-like multipolar morphology
that expressed neuronal markers in vitro [11,12], but our
investigation also revealed that the efficiency of rat
DPSC neurodifferentiation is much less efficient than
that of human DPSCs [12]. Additionally, although the
transdifferentiated rat cells showed neuronal morphology,
they did not functionally exhibit the neuron-specific
sodium and potassium channels (our unpublished data).
This observation is actually in accordance with the obser-
vation of Ellis and colleagues [1]. They used the same
protocol that we developed for human DPSCs [4] and
found that neuronally differentiated murine DPSCs are
immature, expressing only L-type calcium, but not
neuron-specific sodium or potassium, channels. The
differences in the neuronal phenotypes of human ver-
sus rodent DPSCs are certainly due in part to species
differences, but the available data also suggest that the
efficacy of currently available neurodifferentiation pro-
tocols has to be improved to obtain cell populations
that are suitable for therapeutic purposes. Ideally, the
protocols used by Ellis and colleagues [1] to transdiffer-
entiate murine DPSCs to neuronal progenitors should
be further enhanced by using the present knowledge
obtained in induced pluripotent stem cell and direct re-
programming research. Despite many challenges and
drawbacks, cellular therapies, including the application
of MSCs of dental origin, are very promising and have
great potential for curing human neuronal disorders in
the future.
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DPSC: Sental pulp stem cell; MSC: Mesenchymal stem cell.
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